Introduction
Green leafy vegetables are a consolidated source of both nutritional and non-nutritional bioactive compounds. It is believed that their consumption plays a significant role in the prevention, protection and management of some metabolic disorders 1 . In particular, great interest has arisen in the use of these vegetables as a source of essential fatty acids namely omega-3 fatty acids α-linolenic acid and omega-6 fatty acids linoleic acid due to their health beneficial effects. There is convincing evidence that the diets rich in omega-3 fatty acids, are associated with decreased incidence of several chronic diseases, including hyperlipidemia, arrhythmia, rheumathoid arthritis, cancer, cardiovas-cancers 5 . Aristolochia longa L. Aristolochiaceae and Bryonia dioïca Jacq. Cucurbitaceae have been used as valuable medicinal herbs since ancient times in different traditional medicinal systems. The roots of the former species have been used as an antiphlogistic, detoxicant and anodyne, while the whole plant was used for the treatment of sclerosis, nose cancer and uterus tumors 6 . The latter species B. dioïca was recommended for the treatment of various inflammatory conditions, bronchial complaints, asthma, intestinal ulcer, hypertension and arthritis 7 .
Current phytochemical studies revealed that both species contain a variety of bioactive ingredients, including flavonoids, alkaloids, saponins, terpenes and fatty acids, among others 8, 9 . Although the substantial data on the chemistry of both species, information regarding their lipid components especially fatty acids are rather scarce. Therefore, the present study was performed to determine their fatty acid composition and their antibacterial activities. Data from this study will not only provide additional data on the chemistry of both species, but also, they will be beneficial for elucidation of their nutritional and pharmacological relevance.
Experimental

Plant material
Aristolochia longa and Bryonia dioïca were collected in locality of Jendouba Northwestern Tunisia . The plant material roots and aerial parts was air dried at room temperature 22 3 for one week, powdered and then essayed for their fatty acids determination.
Lipid extraction and preparation of fatty acid methyl
esters FAMEs Lipid extraction was carried out in a soxhlet apparatus using hexane. The extract was concentrated under reduced pressure at 40 and dried under nitrogen stream. The FAMEs were prepared as described in AOAC method 10 . Briefly, lipid fractions were treated with MeOH/ NaOH solution 0.5 M , under reflux for 10 min. After cooling, a BF 3 10 solution in methanol was added and the mixture was refluxed for 5 min. The FAMEs were recovered in hexane and subsequently analyzed by GC-FID and GC-EI-MS.
GC-FID and GC-EI-MS analyses of FAMEs
Chromatographic analysis of the FAMEs were carried out on a HP 6890 gas chromatograph Agilent, Palo Alto, CA, USA equipped with a flame ionization detector FID and a HP-Innowax Polyethylene Glycol capillary column 60 m 320 μm i.d; 0.5 μm film thickness . The initial oven temperature was held at 60 for 2 min, increased at a heating rate of 2 min 1 to 250 for 20 min. The temperature of the injector and the FID detector were set at 250 . The carrier gas was He and the flow rate was maintained at 1.3 mL/min. The injected volume of the sample was 1 μL and the split ratio was adjusted to 25:1. Under these conditions, a standard mixture of FAMEs Sigma-Aldrich was injected as an external calibration for GC-FID validated method.
For the GC-MS analysis an HP 6890 gas chromatograph coupled to an HP 5975 quadrupole mass spectrometer with electron impact ionization 70 eV . The acquisition was performed in the full scan mode and the mass range was 35-550 amu. The temperature of the ion source and quadrupole were 230 and 150 , respectively. The GC conditions are the same as those described in the GC-FID method. Identification of FAMEs was made by comparing their retention time with those of reference standards and by matching their mass spectral fragmentation patterns with corresponding mass spectra data 11, 12 .
2. sion method The extracts were screened for antibacterial activity using the disc diffusion method according to NCCLS method 13 . Briefly, a suspension of the tested organism 10 8 cells/mL was spread on the Müller-Hinton MH solid media plate. Filter paper disks 6 mm in diameter were soaked with 15 μL of the lipid extracts and placed on the inoculated plates. After being maintained at 4 for 2 h, they were incubated at 37 24 h . Ampicillin 10 μg/disc was used as positive reference standard and DMSO was used as a negative control. All data were reported as mean standard deviation of triplicate 2.4.3 Determination of minimum inhibitory concentration MIC and minimum bactericidal concentration MBC The minimum inhibitory concentration MIC and minimum bactericidal concentration MBC of different lipid extracts were assessed by the standard NCCL method 14 . Briefly, 5 μL of suspension of the tested microorganisms 10 6 UFC/mL was brought in the wells, 95 μL of Müller-Hinton broth for bacteria and 100 μL of each tested concentration of extract, which ranging from 4 to 0.062 mg/mL in DMSO, were added. After stirring, the plate was incubated for 24 hours at 37 . After incubation, 10 μL of the 3-4, 5-dimethylthiazol-2-yl -2, 5-diphenyl tetrazolium bromide MTT solution was added to the wells. The MTT substance is reduced by mitochondrial dehy-drogenases in living cells to a blue-magenta colored formazan precipitate. The absorption of dissolved formazan in the visible region correlates with the number of intact alive cells. The MIC was defined as the lowest concentration devoid of a colour variation from yellow to purple. To determine MBC, broth was taken from each well and inoculated on Müller-Hinton broth for 24 h at 37 . The MBC is defined as the lowest concentration of the plant extract at which inoculated microorganism was completely killed. The test was performed two times in duplicate against each microorganism. The MIC and the MBC of Ampicillin were determined in parallel experiments.
Results and discussion
Fatty acids pro le
Thirteen fatty acids, including saturated fatty acids SFAs , monounsaturated MUFAs and polyunsaturated fatty acids PUFAs were identified in different parts of A. longa and B. dioïca Table 1 . In the former species, SFAs made up 43.04 and 53.21 of total fatty acids in aerial parts and roots, respectively. This fraction was predominantly composed by palmitic C16:0 and stearic C18:0 acids. Other SFAs such as capric C10:0 , lauric C12:0 , arachidic C20:0 and behenic C22:0 acids were detected with a percentage less than 3 . The MUFA were mainly represented by oleic C18:1 and palmitoleic C16:1 acids. The linoleic C18:2 and α-linolenic C18:3 acids were the main PUFAs. The repartition of both PUFA differed between both plant parts with linolenic acid being the most prominent fatty acid in the aerial part, while linoleic acid was the prevalent one in the roots. Such differential repartition was attributed to the structural and functional role of these essential fatty acids. In fact, linolenic acid is the major constituents of the membrane glycerolipids in the photosynthetic tissues; consequently, its abundance in the aerial part of both species is obvious. In contrast, it lacks in the non photosynthetic tissues like roots, which could explain the abundance of linoleic acid in the belowground tissues 15 .
The same fatty acid profile in term of main fatty acids such as C16:0; C18:0; C18:1; C18:2 and C18:3 was also observed in the second species B. dioïca.
When compared with earlier compositional studies, our results display some qualitative and quantitative differenc- 18 . These authors also revealed that linoleic, linolenic and palmitic were the most abundant fatty acids. In general, the observed profile in this study C18:3 C16:0 C18:2 is in good agreement with those of the Spanish samples of B. dioïca. The ratios PUFAs/SFAs and n-6 / n-3 are important indexes that enable a comparison of the relative nutritive values of lipids. In the present study, the PUFAs/SFAs ratios in A. longa ranged from 0.37 to 1.02 in the roots and aerial parts, respectively. In B. dioïca, it was identical 1.11 in both organs. The n-6 / n-3 ratios ranged from 0.73 to 195.8 in the aerial parts and roots of A. longa, respectively. In the aerial part of B. dioïca, a very low value 0.30 was observed, whereas it was higher 448.57 in the roots. Values for both parameters PUFAs/SFAs and n-6 / n-3 ratios in the aerial parts of both species were generally in the same range as the data published for other edible species 17, 18 . Consequently, the aerial parts of both species could be considered as a good source for healthy lipids and essential fatty acids namely C18:2 and C18:3. The preventive role of these fatty acids against hypertension, coronary heart diseases, cognitive disorders, osteoporosis, cancer, rheumatoid arthritis and other inflammatory diseases is well documented 2, 19, 20 .
The antimicrobial activities of these essential fatty acids were also described in some plant species 21, 22 but, to the best of our knowledge, no report was published regarding such an aspect in A. longa and B. dioïca. Consequently, the following section was designed to investigate the antibacterial activity of the lipid fraction of both species.
Antibacterial activity
The in vitro antibacterial activity of the A. longa and B. dioïca lipids was qualitatively evaluated by the presence or absence of inhibition zone mm . As can be seen in Table  2 , the most sensitive strain was found to be E. faecium which was particularly sensible to the lipidic fraction isolated from the roots of both species. In contrast, the gram negative S. typhimurium was found as the most resistant strain.
In general, gram positive bacteria including E. faecium, S. agalactiae and S. aureus were more susceptible to lipids of both species notably root lipids than gram negative bacteria E.coli and S.typhimurium . To some extent, this is consistent with earlier studies indicating that gram negative bacteria were less susceptible to plant extracts than gram positive bacteria owing to the occurrence of a very restrictive lipopolysaccharides-containing outer membrane 23 .
The MIC and the MBC of different lipid extracts are shown in Table 3 . All extracts inhibited the growth of all the test bacterial strains. Root lipids from both species exhibited the highest activities with the MIC values ranged from 125 to 2000 μg/mL. As observed in the disc diffusion assay, E. feacium was found as the most sensitive bacterial strain followed by S. agalactiae, whereas, S. typhimurium was found as the most resistant one. All lipid extracts are less active than the antibiotic.
The MIC and MBC showed larger range of values 125-2000 and from 250 to 2000 μg/mL for MIC and MBC, respectively in comparison with inhibition zones 7.50-18.16 mm and MIC and MBC of antibiotic 0.48-31.50 and 1.95-62.50 μg/mL . These suggest that the size of inhibition zone does not reflect the real antibacterial effectiveness of On the other hand, Aligianis et al. 25 proposed a classification for plant material antimicrobial activity on the basis of MIC results: strong inhibition for MIC values 500 μg/ mL; moderate inhibition for MIC values between 600-1500 μg/mL; and weak inhibition for MIC values 1600 μg/mL. Accordingly, the FAMEs-rich extracts of both species had strong inhibition against E. feacium and S. agalactiae MIC value 500 μg/mL and moderate inhibition against the others strains.
The obtained results can be attributed to the action of all compounds which can act according to several scenarios; synergy, addition, indifference, and antagonism. In our study it seems that the mixture of major components with other minor components that have a weaker activity may achieve a synergistic effect. However this assumption must be verified by additional analysis to obtain the fractional inhibitory concentration index FICI 26 .
There are no studies on the antibacterial activity of A. longa and B. dioica lipid extracts. However, the antibacterial activities of lipids and fatty acids from some plant species have been previously reported. Thus, Ouattara et al. 27 examined the antibacterial activity of individual fatty acids Lauric C12:0, myristic C14:0, palmitic C16:0, palmitoleic C16:1, stearic C16:0, oleic C18:1, linoleic C18:2 and linolenic C18:3 against six food-borne bacteria Pseudomonas fluorescens, Serrata liquefaciens, Brochothrix thermosphacta, Carnobacterium piscicola, Lactobacillus curvatus and Lactobacillus sake and found that lauric, palmitoleic, linoleic and linolenic acids were effective against C. piscicola, L. curvatus and L. sake. In contrast, all tested fatty acids failed to inhibit the remaining bacterial strains. These authors attributed the antibacterial activity to the hydrophobic/hydrophilic balance of saturated fatty acids and the peroxidation process of unsaturated ones 27 .
In another study, the oleic-rich extract from the seed oil of Pongamia pinnata was found to exhibit strong antibacterial activity against Listeria monocytogenes, Yersinia enterocolitica, Salmonella paratyphi and E. coli 28 . The authors argue the antibacterial effects to the capacity of fatty acids namely C18:1, C18:2 and C18:3 to disrupt the bacterial membrane and inactivate microbial adhesion, enzymes and transport proteins 28 . More recently, Kalhapure et al. 29 screened the antibacterial activity of C16:1, C18:1, C18:2, C18:3 and C20:4 acids for their antibacterial activities against S. aureus and found that linoleic acid was the most effective with a MIC value of 625 μg/mL. They concluded that the optimum number of double bonds in an unsaturated fatty acid was determined as 2 for obtaining maximum antibacterial activity. For a mechanistic point of view, the authors argued the antibacterial activity to the surfactant action of C18:2 leading hence to increased permeability of the bacterial membrane 29 . It has also been reported that C18:2 and other unsaturated fatty acids e.g. palmitoleic, oleic, linolenic and arachidonic inhibit the bacterial enoyl-acyl carrier protein reductase Fab1 which results ultimately to the inhibition of fatty acid biosynthesis and consequently inhibition of the bacterial growth 30, 31 .
Additional inhibitory mechanisms involve the incorporation of unsaturated fatty acid into the membrane bilayer, inducing changes in the hydrogen bonding and the dipole-dipole interaction between acyl chains and, at high concentration, cell inactivation by the disruption of the glycerophospholipids organization within the membrane 32 .
From all the above studies, the general consensus emerged is that polyunsaturated fatty acids are most active against microorganisms. Such assumption seems to be confirmed in the present study, since the root extracts particularly rich in unsaturated fatty acids namely linoleic and oleic exhibit the highest antimicrobial activity. However, additional studies are required to determine the exact inhibitory mechanisms.
Conclusion
Collectively, results of the current study have reported that A. longa and B. dioica are potential sources for essential fatty acids and antibacterial agents, however toxicological analysis should be investigated before the commercial applicability.
